The energy values of 3 distillers dried grains with solubles (DDGS) derived from corn, triticale, and sorghum and 3 oil seed meals including canola meal (CM), cottonseed meal (CSM), and sunflower meal (SFM) were determined in 2 experiments. For both of experiments, 24 crossbred barrows (initial BW: 28.0 ± 1.60 and 28.0 ± 2.0 kg for Exp. 1 and 2, respectively) were grouped by weight into 6 blocks and placed in a metabolism crate with 1 pig per crate. There were 4 diets in each experiment consisting of a corn-soybean meal reference diet and 3 test diets. The test diet consisted of each of 3 DDGS (Exp. 1) or 3 oil seed meals (Exp. 2) that partly replaced the energy yielding sources in the reference diet at 300 (Exp. 1) or 200 g/kg (Exp. 2) such that same ratios were maintained for all energy ingredients across all experimental diets. The DE, apparent ME (AME), and N-corrected AME (AMEn) of the test ingredients were determined by the difference method in 2 experiments each consisting of a 5-d adjustment and 5 d of total but separate collection of feces and urine. The respective DM or GE of corn DDGS, triticale DDGS, sorghum DDGS, CM, CSM, and SFM were 918, 927, 904, 912, 907, and 898 g/kg or 5,429, 5,298, 5,295, 5,063, 5,327, and 4,589 kcal/kg of DM. Addition of DDGS to reference diet in Exp. 1 decreased (P < 0.01) dietary DE, AME, and AMEn of the test diet. However, in Exp. 2, the respective energy values of the test diet were not affected by the addition of oil seed meals to reference diet except for SFM, which decreased (P < 0.01) the energy values. The respective DE, AME, and AMEn were 3,751, 3,559, and 3,361 kcal/kg of DM for corn DDGS, 3,720, 3,537, and 3,315 kcal/kg of DM for triticale DDGS, and 3,520, 3,355, and 3,228 kcal/kg of DM for sorghum DDGS. There was no difference in any of energy values among 3 DDGS evaluated in the current study. Furthermore, the respective DE, AME, and AMEn were 3,577, 3,428, and 3,087 kcal/kg of DM for CM and 3,281, 3,139, and 2,892 kcal/kg of DM for CSM, which were greater (P < 0.01) than those for SFM at 2,449, 2,253, and 2,071 kcal/kg of DM. In conclusion, the DE, AME, AMEn evaluated by difference method in the current experiment was not different among 3 DDGS derived from corn, triticale, and sorghum whereas the respective energy concentration was less in SFM than those in CM and CSM.
INTRODUCTION
Due to the increasing demand for liquid fuels and the decreasing availability of fuels from fossil sources, the production of biofuel, including bioethanol, has increased dramatically ).
The increased production capacity and the increasing number of large-scale ethanol plants have resulted in large amount of co-product such as distillers dried grains with solubles (DDGS). The nutritive values of DDGS considerably varies depending on the cereal grains used, the efficiency of production processes, and the proportion of solubles that are included in the final product (Zijlstra and Beltranena, 2009) . Corn is the primary grain used for ethanol production in the United States, but recently, the use of other grain sources such as sorghum and triticale (Wang et al., 1998 (Wang et al., , 2008 for ethanol production is increasing as the bioethanol industry expands. However, there is a dearth of information on their nutritional value for pigs.
Global oilseed production data (USDA, 2013) indicates that the most abundant oilseed produced during 2011 and 2012 period was soybeans followed by rapeseed, cottonseed, and sunflowerseed. Soybean meal (SBM), a by-product of oil production from soybeans, is the most common source of the supplemental protein for swine diet (Stein et al., 2008) . However, increased global meat production has put pressure on SBM production hence the use of alternative oilseed meals as an amino acid source for swine diet has increased. The nutritional quality of alternative oilseed meals is highly dependent on the oil extraction process, which concentrates nutritive contents except for oil. Amino acid digestibility in alternative oilseed meals including canola meal (CM), cottonseed meal (CSM), and sunflower meal (SFM) was evaluated (González-Vega and Stein, 2012) ; however, there is a dearth of information about the energy values of those alternative oilseed meals. Therefore, the objective of this study was to evaluate the energy values of 3 DDGS derived from corn, triticale, and sorghum and 3 oil seed meals including CM, CSM, and SFM.
MATERIALS AND METHODS
All animal handling protocols and procedures used in these studies were approved by the Purdue Animal Care and Use Committee.
Management and Sampling
In each of 2 experiments, 24 crossbred (Hampshire × Duroc × Yorkshire × Landrace) barrows with average initial BW of 28.0 ± 1.60 and 28.0 ± 2.0 kg, respectively, were assigned to stainless-steel metabolism crates (0.83 by 0.71 m) equipped with 1 waterer and 1 trough to enable separate and controlled intakes of feed and water. Treatments were randomly assigned to 6 blocks of 4 diets in a randomized complete block design. The 24 barrows were blocked by weight and allocated to diets such that the average BW across diets was similar. The metabolism crates were placed in environmentally controlled room with temperature maintained at 22°C. The study consisted of a 5-d adaptation period followed by a 5-d period of total but separate collection of feces and urine. Fecal collection started and ended with the appearance of ferric oxide-marked feces as described by Akinmusire and Adeola (2009) . To minimize orts, average daily feed allowances of 4.0 and 4.5% of initial BW were achieved during the 5-d adaptation period in Exp. 1 and 2, respectively. Daily feed allowances were divided into 2 equal portions and fed at 0700 and 1700 h.
Test Ingredients and Dietary Treatments
Three DDGS products and 3 oil seed meal were evaluated for their energy values in Exp. 1 and 2, respectively. The DDGS products included corn DDGS (C-DDGS), triticale DDGS (T-DDGS), and sorghum DDGS (S-DDGS) and oil seed meals included CM, CSM, and SFM. Composition of the 3 DDGS and 3 oilseed meals used in Exp. 1 and Exp. 2 are presented in Table 1 . In each experiment, dietary treatments consisted of a corn-SBM reference diet and 3 test diets. In the reference diet (Table 2) , corn, SBM, and Lys HCl were used as the energy yielding sources. In the test diet used in Exp. 1 and 2, each of the 3 DDGS or 3 oilseed meals were added at 300 or 200 g/kg of diet, respectively, to partly replace the energy yielding sources in the reference diet in such a way as to maintain the same ratio of corn, SBM, and Lys HCl.
Chemical Analyses
All the fecal samples and orts collected for each barrow were dried in a forced-air oven at 55°C to constant weight and ground to pass through a 0.5-mm screen using a mill grinder (Retsch ZM 100; GmbH and Co. K.C., Haan, Germany). Urine samples for each pig were thawed and thoroughly mixed, after which two 800-mL subsamples were filtered in 3 steps using glass wool and then dried in a forced-air oven. Dry matter analysis of samples was performed by drying the samples in a forced-air oven (Precision Scientific Co., Chicago, IL) at 105°C for 24 h (method 934.01; AOAC, 2006) . Nitrogen content of samples was determined by the combustion method (Model FP2000; LECO Corp, St. Joseph, MI) and GE by adiabatic bomb calorimeter (Parr 1261 bomb calorimeter; Parr Instruments Co., Moline, IL) using benzoic acid as a calibration standard. 
Calculations and Statistical Analyses
For each of the experimental diets, coefficients of DM, N, and energy digestibility and metabolizability were calculated as previously described (Adeola, 2001 ).
Digestible energy (kcal/kg) and apparent ME (AME; kcal/kg) of the diets then were calculated as the product of respective coefficients and the gross (kcal/kg) of the diet. The AME was corrected to zero N retention using factor of 7.45 kcal/g of N (Harris et al., 1972) . The DE, AME, or N-corrected AME (AMEn) of the test ingredients (3 DDGS and 3 oilseed meals) were calculated as described in Bolarinwa and Adeola (2012) :
in which C rd , C td , and C ti are the coefficients of energy utilization (applicable for DE, AME, and AMEn) for reference diet, test diets, and test ingredient, respectively, and P rd and P ti are the proportional contribution of GE by reference diet and test ingredient to the test diet, respectively. By definition,
The product of C ti for DE, AME, or AMEn and GE of test ingredients in kilocalories per kilogram is the test ingredient DE, AME, or AMEn in kilocalories per kilogram, respectively. Digestibility and metabolizability data for the 2 experiments were analyzed as a randomized complete block design using the GLM procedures of SAS (SAS Inst. Inc., Cary, NC). Individual pigs served as the experimental unit. Level of significance was set at 5% and when a significant effect was indicated, treatment means then were separated using Tukey's test.
RESULTS
The analyzed energy and chemical composition of the 3 DDGS and 3 oilseed meals used in Exp. 1 and Exp. 2, respectively, are presented in Table 1 . In Exp. 1, the respective analyzed GE of C-DDGS, T-DDGS, and S-DDGS on a DM basis were 5,429, 5,298, and 5,295 kcal/kg whereas the respective concentration of ADF or NDF on a DM basis were 120,154, and 202 g/kg or 320, 357, and 387 g/kg. Triticale DDGS had 56 g/kg of ether extract content on a DM basis whereas C-DDGS and S-DDGS had 87 and 89 g/kg, respectively.
In Exp. 2, CM, CSM, and SFM were analyzed to contain 5,063, 5,327, and 4,589 kcal of GE/kg of DM, respectively. The respective N or ether extract concentration of CM, CSM, and SFM on a DM basis was 64, 66, and 51 g/kg or 39, 52, and 27 g/kg, respectively. The analyzed ADF and NDF contents on a DM basis for SFM were 365 and 439 g/kg, respectively, whereas the corresponding values for CM or CSM were 205 and 271 g/kg or 240 and 292 g/kg.
The data presented in Tables 3 and 4 show the intake, digestibility, and metabolizability of DM, N, and energy of experimental diets used in Exp. 1 and 2, respectively. In Exp. 1, N intake increased (P < 0.001) with addition of any of 3 DDGS to reference diet whereas DM and energy intake was not affected. The digestibility of DM, N, and energy were greater (P < 0.01) in the reference diet compared with the test diets. Addition of DDGS to reference diet decreased (P < 0.01) dietary DE, AME, and AMEn of the test diet. In Exp. 2, with the exception of energy intake for SFM, addition of oilseed meals to reference diet increased (P < 0.01) N and energy intake whereas DM intake was not affected. The DM, N, and energy digestibility as well as metabolizability were greater (P < 0.01) in the reference diet relative to the test diet. The DE, AME, and AMEn of the test diet were not affected by the addition of oilseed meals to reference diet except for SFM, which decreased (P < 0.01) the energy values. Table 5 shows the DE, AME, and AMEn contents of 3 DDGS and 3 oilseed meals used in Exp. 1 and 2, respectively. The DE, AME, and AMEn were 3,751, 3,559, and 3,361 kcal/kg of DM, respectively, for C-DDGS, 3,720, 3,537, and 3,315 kcal/kg of DM, respectively, for T-DDGS, and 3,520, 3,355, and 3,228 kcal/kg of DM, respectively, for S-DDGS. Furthermore, the DE, AME, and AMEn of CM and CSM for pigs were 3,577, 3,428, and 3,087 kcal/kg of DM, respectively, for CM and 3,281, 3,139, and 2,892 kcal/kg of DM for CSM, which were greater (P < 0.01) than the energy values evaluated for SFM at 2,449, 2,253, and 2,071 kcal/kg of DM, respectively.
DISCUSSION
The objective of the current study was to determine the energy values of 3 DDGS derived from corn, triticale, and sorghum and 3 oil seed meals including CM, CSM, and SFM. It was expected that the chemical composition of ingredients used in the current study would be different based on the composition of the original grains or oilseeds that were used for ethanol or oil production, respectively (NRC, 2012) . In addition, the variability of the chemical composition within same co-product was observed due to the differences in effectiveness of the production process (Spiehs et al., 2002) . Hence, it is important to know the nutrient and energy availability of these co-products for more accurate diet formulation.
The analyzed values of N, ether extract, ADF, and NDF of C-DDGS in the current study were less than the values reported in NRC (2012) whereas the value for GE, which was close to the average of 10 DDGS samples (5,426 kcal/kg) used in study of Stein et al. (2006) , was determined to be greater compared with the value (5,271 kcal/kg) from NRC (2012). Among 3 DDGS used in the current study, both ADF and NDF contents of C-DDGS analyzed to be numerically less compared with other DDGS on DM basis, which was expected when the respective contents of original grains for C-DDGS, T-DDGS, and S-DDGS reported in NRC (2012) were considered.
There is a scarcity of published research reporting the nutritive value of T-DDGS for pigs. The GE of T-DDGS a,b,c Within a row, means without a common superscript differ (P < 0.05).
1 C-DDGS = corn distillers dried grains with solubles; T-DDGS = triticale distillers dried grains with solubles; S-DDGS = sorghum distillers dried grains with solubles.
2 AME = apparent ME; AMEn = N-corrected apparent ME.
3 Pooled SD.
in the current study was greater than values determined in the broiler study by Oryschak et al. (2010) whereas CP and NDF contents on a DM basis were less in current study. However, NRC (2012) reported less ADF and NDF compared with values determined in the current study. For S-DDGS, DM, ether extract, and NDF determined in the study by Urriola et al. (2009) were close to those of the current study whereas the analyzed N and ADF in the current study were less than values from the respective study. The GE of S-DDGS in the current study was less than the value from NRC (2012) but greater than the mean of 2 S-DDGS used in the study of Feoli (2008) .
Rapidly increasing demand of SBM results in the use of alternative oilseed meals for swine diet. Following SBM, the most copious oilseed meals produced in the world based on oilseed production are CM, CSM, and SFM (USDA, 2013). Because oilseed meal is a byproduct of oil extraction process, its nutritive value is highly dependent on the parent oilseed as well as the efficiency of oil extraction process.
The nutritional values of CM may vary among samples. The CM used in the current study had a slightly less N, greater GE, ether extract, ADF, and NDF contents on a DM basis compared with the values reported in NRC (2012). With the exception of GE, González-Vega and Stein (2012) reported greater nutritive values in N, ether extract, ADF, and NDF compared with the CM in the current study.
The production of cottonseed has rapidly increased recently (46.6 million t) and ranked third in global production during 2011 to 2012 period (USDA, 2013).
Therefore, production of CSM, de-oiled product of cottonseed, has also increased and is becoming more available for inclusion in swine diets. When compared with the nutritive values in NRC (2012), the CSM used in the current study had less N and ether extract; however, GE was greater in the current study on DM basis. a,b,c Within a row, means without a common superscript differ (P < 0.05).
1 CM = canola meal; CSM = cottonseed meal; SFM = sunflower meal.
3 Pooled SD. Table 5 . Digestible energy, apparent ME (AME), and N-corrected apparent ME (AMEn) contents of the distillers dried grains with solubles and oilseed meals on DM basis for pigs In each study, within a column, means without a common superscript differ (P < 0.05).
1 C-DDGS = corn distillers dried grains with solubles; T-DDGS = triticale distillers dried grains with solubles; S-DDGS = sorghum distillers dried grains with solubles; CM = canola meal; CSM = cottonseed meal; SFM = sunflower meal.
2 Pooled SD.
Among oilseed meals, N and ether extract of SFM was determined to be less compared with CM or CSM used in the current study. Furthermore, the GE of SFM was the lowest among oilseed meals. This is partly attributed to the fact that both CP and ether extract are major energy yielding substrates (Ewan, 1989) .
The calculated DE content of the reference diet used in Exp. 1 and 2 (Table 2 ) was close to the evaluated DE of the respective diets at 3,386 and 3,407 kcal/kg based on the data for analyzed DM, GE, and energy digestibility for the reference diet in Exp. 1 and 2, respectively.
Substitution of any of 3 DDGS at 300 g/kg of diet for the ingredients supplying energy (corn, SBM, and Lys HCl) in the reference diet decreased total tract digestibility of DM, N, and energy as well as metabolizability of DM, N, and energy during the 5-d study for growing pigs. The extent of decrease in digestibility or metabolizability of DM and energy were not different among 3 DDGS except for N digestibility of S-DDGS, which was less than other 2 DDGS. The less digestibility and metabolizability of nutrients and energy are attributed to the greater fiber contents of DDGS . Because the fiber content in DDGS is concentrated as starch is removed during the fermentation process for ethanol production. Furthermore, the digestibility of fiber for pigs is generally less compared with other nutrients and negatively influences digestion of other nutrients ). Pedersen et al. (2007) reported that the average apparent total tract digestibility of energy in 10 C-DDGS samples for growing pigs was less than that in corn sample. Urriola and Stein (2010) also reported that inclusion of 30% DDGS reduced GE digestibility in growing pigs because of the greater contents of fiber in DDGS. In addition, the data summarized by Stein and Shurson (2009) indicated that the standardized ileal digestibility of CP in pigs fed C-DDGS, S-DDGS, and wheat DDGS was less by ranges from 5.6 (S-DDGS) to 15.8 (wheat DDGS) percentage units compared with the values of the respective source grains. We are not aware of any study evaluating available nutritive values of T-DDGS for pigs. However, in a study with 28-d broilers reported by Oryschak et al. (2010) , increasing substitution of T-DDGS from 0 to 300 g/kg of diet for the wheat grain in the basal diet has resulted in reduced apparent ileal digestibility of DM, GE, CP, and all AA, which was in agreement with the current pig study.
As with less energy-yielding substrates of C-DDGS in the current study, the DE and ME in the current study were less than the values derived from 10 DDGS samples for growing pigs (Ewan, 1989; Pedersen et al., 2007) . This was also in agreement with the values reported in NRC (2012). The calculated DE, AME, and AMEn for T-DDGS in the current study were different from those of C-DDGS and greater than the respective values of S-DDGS, but the differences were not significant among 3 DDGS. Considering that the energy digestibility and metabolizability derived from DDGS diets were not different among DDGS, the variability of GE among DDGS may contribute to the differences in these energy utilization values. Feoli (2008) reported that DDGS from corn had a greater DE than DDGS from sorghum, which was in agreement with the result of the current study. Sotak (2012) used the equations that predict the energy values from chemical composition (Ewan, 1989; Noblet and Perez, 1993) and calculated the DE and ME in S-DDGS at 3,439 and 3,206 kcal/kg, respectively, which is slightly less than the values evaluated in the current study. However, NRC (2012) reported greater DE and ME compared with the values determined in the current study.
The effect of oilseed meal substitution to reference diet in the current study was similar to what was observed with 3 DDGS. Since "Canola" cultivar contains low level of erucic acid in the oil and glucosinolate in the meal (Chiba, 2001) , it is unlikely that these antinutritional factors affected energy digestibility of CM in the current study. Instead, the greater fiber contents of CM compared with SBM or corn may negatively contribute to energy utilization of pigs fed CM. However, this effect was not pronounced in the DE, ME, and N-corrected ME (MEn) of the CM diet. The extent of reduction in energy digestibility and metabolizability with the SFM diet was greatest among oilseed meal substitution diet. Subsequently, although SFM has been known to be free of most antinutritional factors (Chiba, 2001) , both DE and ME determined for the SFM diet were lowest (P < 0.001) among oilseed meal diets. This result may be, partly, due to the greater fiber contents, which, along with less lysine contents in SFM, negatively impacting nutrient utilization of pigs (Chiba, 2001) . As expected, the DE, ME, and MEn calculated for SFM were less than energy values evaluated for CM and CSM. Although less energy utilization in the current study could be expected based on the comparison of the energy yielding components for SFM with NRC (2012), the observed values in the current study were greater than those reported in NRC (2012). The energy values of CM evaluated in the current study were greater than those reported in NRC (2012) but less than those of solvent extracted CM determined by the difference method for 26-kg growing barrows (Woyengo et al., 2010) . There is a dearth of publications reporting energy utilization of pigs fed CSM. However, calculated DE and MEn of CSM reported in Feedipedia (2013) database were close to the values determined for CSM in the current study. Furthermore, the respective values reported in NRC (2012) for CSM with 91% DM were in agreement with the values evaluated in the current study.
In conclusion, the results of the present experiments provide energy values for 3 DDGS derived from corn, triticale, and sorghum as well as 3 oilseed meals including CM, CSM, and SFM. The calculated DE, AME, and AMEn for pigs were not different among 3 DDGS evaluated in the current study with difference method. However, the respective energy values were less in SFM than those in CM and CSM.
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